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Description

BACKGROUND OF THE INVENTION

This invention relates to a device for use in visuali-
zation of the spine in vivo for diagnosis and treatment.
More particularly, the invention concerns a flexible
endoscope having a deflecting tip for changing the view-
ing angle of a removable fiber-optic bundle and for pro-
viding a means for steering the endoscope through tight
spaces.

Low back pain syndrome represents a major health
problem in the United States. In recent years, practition-
ers in the spinal field have sought methods to minimize
the invasive nature of diagnosis and treatment of the
causes of low back pain syndrome. Surgeons and other
practitioners in the field have also sought ways to mini-
mize the invasive nature of other more serious spinal
surgery such as reducing vertebral fractures, implanting
prosthetic vertebrae or implanting spinal fixation
devices.

Typically, spinal diagnosis and treatment is con-
ducted under indirect visualization techniques, such as
magnetic resonance imaging (MRI), catscan (CT) and
more frequently, fluoroscopic X-ray or radiographic
monitoring using a C-arm image intensifier. Direct visu-
alization of specific affected regions of the spine can be
obtained through surgical incisions through the skin and
fat layer. Less invasive percutaneous techniques, such
as suggested by Jacobsen in U.S. Patent No. 4,545,374
or by Kambin in U.S. Patent No. 4,573,448, are thus far
typically performed under indirect visualization. There
remains a need therefore, for a means for direct visuali-
zation of the spinal column, including the vertebrae, disc
tissue and the epidural and intra-discal spaces, without
extensive surgery.

Visualization of the spine carries with it significant
difficulties over visualization of other body regions, such
as the knee. Direct visualization of the knee has been
readily accomplished using rigid arthroscopes, since
there is very little requirement for guiding or steering the
fiber-optic bundle through this joint.

U.S. Patent No. 3,941,121 discloses a rigid endo-
scope comprising a needle inside which a fiber-optic
bundle for transmitting images is disposed. A series of
illuminating fiber-optics are provided within the needle,
and a hollow tube is provided to allow the introduction of
fluid at a distal end of the needle. The needle is dimen-
sioned such that it is suitable for insertion through a
lumbar puncture needle, to allow inspection of nerve
pathways within the spinal column.

However, the spinal column consists of several
joints, and moreover, the configuration of the vertebrae
themselves hamper the ability for direct visualization
using a rigid endoscope device. Often times, it is neces-
sary to view a vertebra from both posterior and anterior
positions. No known rigid endoscope appears to be
capable of permitting direct visualization in all regions of
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the spinal column.

Consequently, there is a significant need in the field
of spinal diagnosis and treatment for a device that per-
mits direct visualization of the spine in vivo from virtually
any position. The device must be flexible so that it can
be guided to the different positions along the spine. It
must also have the capability of changing the orienta-
tion of the viewing angle field as required to fully visual-
ize the suspect region of the spine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of the endo-
scopic device for direct spinal visualization of the
present invention.

FIG. 2is an enlarged view of the endoscopic device
of FIG. 1.

FIG. 3 is a side cross-sectional view of the tip
deflection mechanism used in connection with the
endoscopic device of FIG. 2.

FIG. 4 is an enlarged view of the deflecting tip of the
catheter for the endoscope shown in FIG. 3, as viewed
in the region labeled 4 of that figure.

FIG. 5 is an end cross-sectional view of the intro-
ducer catheter used in connection with the endoscopic
device shown in FIG. 3 taken along line 5-5 as viewed in
the direction of the arrows.

FIG. 6 is an enlarged view of the introduction of the
deflection wire into the introducer catheter, as shown in
the detail region labeled 6 in FIG. 3.

FIG. 7 is a side cross-sectional view of the optical
fiber adjustment means shown in FIG. 2 for adjusting
the position of the fiber-optic bundle with respect to the
intfroducer catheter.

SUMMARY OF THE INVENTION

The present invention contemplates a system for
direct visualization of the spine and epidural space that
is adapted for percutaneous introduction into the epi-
dural and/or intra-discal spaces. In general terms, the
system includes a disposable flexible catheter, a fiber-
optic bundle disposed within the catheter, means for
connecting the bundle to a light source and camera,
means for adjustably connecting the bundle to the prox-
imal end of the catheter, and means for controllably
deflecting the tip of the catheter to vary the viewing
angle of the fiber-optic bundle in the spinal space.
Deflection of the viewing tip also provides means for
controllably steering the catheter through tight regions
in the spinal space.

More particularly, the inventive system includes a
small diameter disposable flexible catheter having a first
channel extending along the entire length of the cathe-
ter opening at the distal end of the catheter at a
deflectable or bendable tip. A fiber-optic bundle, which
includes coaxially disposed imaging fibers and light fib-
ers, is slidably received within the first channel. Means



3 EP 0 644 736 B1 4

are provided for engaging the imaging fibers to a cam-
era and the light fibers to a light source. In one embodi-
ment, the first channel also serves as an irrigation
channel in addition to supporting the fiber-optic bundle.
Means are provided for fluidly engaging the first channel
to a source of irrigation fluid.

Means are provided at the proximal end of the cath-
eter for connecting the fiber-optic bundle to the proximal
end of the catheter and for adjustably positioning the
distal end of the bundle relative to the distal end of the
catheter. In one aspect, this connecting means includes
a clamp for clamping the fiber-optic bundle and means
for adjusting the length distance between the distal end
of the catheter and the clamp means. More particularly,
the connecting means contemplates a first housing
attached to the proximal end of the catheter and a sec-
ond housing connected to the clamp. A bore passes
through both housings for slidably receiving the fiber-
optic bundle therethrough. A threaded post on the sec-
ond housing and a mating threaded bore in the first
housing are adjustably threaded together to adjust the
length distance between the distal end of the catheter
and the clamp. As the post is threaded into the bore, the
two housings move closer together thereby reducing the
distance between the catheter distal end and the clamp
for the fiber-optic bundle. Thus, the viewing end of the
bundle moves toward the end of the catheter. On the
other hand, unthreading the post from the bore
increases the distance between catheter distal end and
clamp, thereby causing the fiber-optic bundle to, in
effect, recede within the catheter. Radio-opaque mark-
ings can be made at the distal ends of the catheter and
the fiber-optic bundle to permit radiographic verification
of the relative position of the distal end of the bundle to
the distal end of the catheter.

In a further feature of the connecting means, means
are also provided for rotating the fiber-optic bundle rela-
tive to the catheter. This rotation means includes a third
housing attached to the clamp which is rotatably
mounted on the second housing to permit relative rota-
tion between the housings.

As expressed generally above, the system also
includes means for controllably deflecting the tip of the
catheter when the distal end is in the epidural space
This tip deflection means includes a deflection wire hav-
ing a first end and a second end in which a first portion
of the wire is adjacent the first end disposed outside the
catheter and a second portion of the wire between the
first portion and the second end extends through the
catheter. The second end of the deflection wire is
secured to the catheter at the distal end. In one particu-
lar aspect, the wire is affixed to a stainless steel ring
which is affixed to the end opening of a tube mounted at
the tip of the catheter.

The tip deflection means further includes means for
moving the catheter in a first direction oriented toward
the distal end of the catheter and means for restraining
the first end of the deflection wire against movement in
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the first direction as the catheter is moved in that direc-
tion. In one embodiment, the means for restraining the
deflection wire includes an elongated housing defining a
cavity therein, the housing having openings at its ends
for slidably receiving the catheter therethrough. The first
end of the deflection wire is connected to a sleeve within
the cavity which is slidably disposed about the catheter.
The housing includes a flange in the cavity which is a
stop surface for restraining movement of the sleeve in
the first direction. In the operation of the tip deflecting
means, movement of the catheter in the first direction
carries the deflection wire until the sleeve contacts the
stop surface of the flange. As the catheter is moved fur-
ther in the first direction, the wire is put into tension
between the restrained first end and the second end
affixed to the catheter distal end. This tension operates
to pull the portion of the catheter back to which the
deflection wire is attached, thereby bending the catheter
tip in the direction of the attachment of the deflection
wire.

In a further aspect of the invention, the means for
moving the catheter includes means for limiting move-
ment of the catheter in the first direction relative to the
deflection wire sleeve once the sleeve has contacted
the stop surface. Limiting the catheter movement in the
first direction controls or limits the amount of deflection
of the tip. This means for limiting movement can include
a first stop connected to the catheter which is slidable
within the cavity and a pin affixed to the housing and
projecting into the cavity between the first stop and the
sleeve. Thus, the first stop will contact the pin when the
catheter is moved in the first direction. The first stop is
situated at a predetermined distance from the pin when
the sleeve contacts the flange stop surface such that
movement of the catheter and the first stop through the
predetermined distance will result in a controlled tip
deflection, which can range from 0° to about 90°. A sec-
ond stop may also be included which is connected to
the catheter and slidable within the cavity between the
pin and the sleeve, whereby the second stop contacts
the pin when the catheter is moved in a second direction
opposite the first direction. This means for moving the
catheter also includes means for rotating the catheter
with the tip deflected so the fiber-optic bundle can be
swept through a conical viewing field within the epidural
space.

Once aspect of the invention resides in the con-
struction of the catheter itself. The catheter can include
a semi-circular first channel through which the fiber-
optic bundle extends. The diameter of the bundle can be
slightly less than the radius of the semi-circular channel
to support the bundle without excessive movement. A
second channel can also be provided for receiving the
deflection wire. The second channel includes a slot
opening into the second channel through which the
deflection wire extends. In one feature, the second
channel terminates short of the distal end of the cathe-
ter and the catheter has a reduced outer dimension



5 EP 0 644 736 B1 6

from the end of the second channel to the distal end of
the catheter. The deflection wire then projects from the
end of the second channel adjacent the reduced outer
dimension to its securement on the outer tube. Option-
ally, a third channel may be provided for introduction of
working instruments or a laser fiber.

It is one object of the invention to provide a system
for direct visualization of the spine and epidural space.
Another object is achieved by providing an endoscope
formed by a disposable flexible catheter through which
a fiber-optic bundle extends. The catheter is adapted to
accommodate a fiber-optic bundle that is either reusa-
ble or disposable.

A further object contemplates an endoscope for
direct spinal visualization which has a small diameter for
percutaneous insertion, yet still includes the capability
to vary the viewing field within the epidural space. This
object is achieved by the catheter including means for
deflecting the tip with the fiber-optic bundle within, as
well as for rotating the catheter with the tip deflected
and rotating the fiber-optic bundle relative to the cathe-
ter.

A further object is to provide these features for var-
ying the viewing field in a device that includes few mov-
ing parts and that is easily assembled. These objects
are achieved by the system described in claim 1 Option-
ally, all of the components providing these features can
be disposable.

Further objects, along with certain benefits
achieved by this invention, will become apparent to per-
sons of ordinary skill in the art, upon consideration of
the following written description and accompanying fig-
ures.

DESCRIPTION OF THE PREFERRED EMBODIMENT

For the purposes of promoting an understanding of
the principles of the invention, reference will now be
made to the embodiment illustrated in the drawings and
specific language will be used to describe the same. It
will nevertheless be understood that no limitation of the
scope of the invention is thereby intended, such altera-
tions and further modifications in the illustrated device,
and such further applications of the principles of the
invention as illustrated therein being contemplated as
would normally occur to one skilled in the art to which
the invention relates.

Referring first to FIG. 1, the spinal visualization sys-
tem 10 of the present invention is depicted. In particular,
the visualization system 10 is an endoscopic system
which includes an delivery catheter 12 having a deflect-
ing viewing tip 13. As shown in FIG. 1, the catheter can
be introduced into the body using a separate introducer
cannula set known in the art. The delivery catheter 12
can be introduced with the deflecting tip 13 adjacent the
spinal column or specific vertebra of the spine. The
delivery catheter 12 and tip 13 constitute an endoscope
for direct vision of the spine. A hand piece 15 is provided
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for deflecting the tip and for rotating the viewing tip 13 to
provide a full viewing field of the spine.

Irrigation port means 19 is included to provide irri-
gation to the delivery catheter 12. Irrigation fluid can be
introduced through the tip 13 into the spinal region to
clear obstructions in the viewing field. A fiber-optic bun-
dle 20 passes through the delivery catheter 12 to form
the vision component of the flexible endoscope. An
optic bundle adjustment means 21 is provided which
orients the viewing tip of the fiber-optic bundle 20 with
respect to the deflecting tip 13 of the delivery catheter.
The proximal end of the fiber-optic bundle 20 is
engaged in a conventional manner to a camera and light
source 23 which can be of known construction. A video
screen 24 connected to the camera 23 televises the
images of the spine for direct viewing by medical per-
sonnel. In accordance with the present invention, the
video screen 24, camera and light source 23 and fiber-
optic bundle 20 can be of a known commercially availa-
ble design. For example, the camera and light source
can be the Model 2000 system provided by Citation
Medical Co. The fiber-optic bundle can be custom con-
figured using known technology to account for the need
of specific applications of the system.

In use, the delivery catheter 12 can be inserted per-
cutaneously into the patient using a cannula, trocar or
similar instrument. The flexible nature of the catheter
allows the viewing tip to be guided through or around
the vertebrae to the affected region. The viewing tip 13
can then be oriented for a better view or it can be manip-
ulated throughout the region.

As will be described herein, the construction of the
visualization system 10, and particularly the delivery
catheter 12, permits potential reuse of the fiber-optic
bundle 20 which can be easily and readily inserted into
the catheter to a proper viewing position. Alternatively,
the bundle 20 may itself be disposable and provided
together with the catheter in disposable sterile packag-
ing.

Referring now to FIG. 2, more detail of the visuali-
zation system 10 is shown. In particular, the delivery
catheter 12 is shown with the viewing tip 13 also shown
in its deflected position 13’ which is oriented at an angle
of approximately 45° to the undeflected position of the
tip (at least in one specific embodiment). The hand
piece 15 includes a plunger 26 which operates within a
deflection control mechanism 27. The plunger 26 can
be depressed in the direction of the arrow D to a second
position 26’ which corresponds to the deflected position
13’ of the viewing tip. The plunger 26 can also be
rotated in the direction of the circular arrow R to thereby
rotate the delivery catheter 12 and viewing tip 13 in a
similar direction. Thus, the handpiece 15 provides for a
wide viewing field with the fiber-optic bundle contained
within the delivery catheter 12. In one specific embodi-
ment of the invention, depicted in FIGS. 2 and 3, the
illustrated tip deflection permits the viewing tip 13 to be
swept through a cone angle of about 45°. It is under-
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stood, of course, that this specific embodiment is not
intended to limit the tip deflection capability of the
present invention. More specifically, the hand piece 15
can be configured to produce viewing tip deflections or
cone angles which can vary between 0° and about 90°.

As shown in FIG. 2, the delivery catheter 12
extends through the hand piece 15 to engage a tubing
junction 31. The tubing junction 31 forms part of the irri-
gation port means 19. An irrigation tube 29, which pref-
erably terminates at its proximal end in a Luer Loc®
connection, can be integral with the tubing junction 31.
A second catheter tube 17 is also connected to the junc-
tion 31. The second catheter tube 17 is attached to the
fiber-optic adjustment means 21 and accommodates
the fiber-optic bundle 20 passing therethrough. Thus,
the tubing junction 31 marries tube 17 initially carrying
the fiber-optic bundle 20 to a means for providing irriga-
tion fluid 19 which combine to pass both irrigation fluid
and fiber-optic bundle through the catheter 12 to the
viewing tip 13.

The details of the hand piece 15 are shown more
clearly in the cross-sectional view of FIG. 3. In particu-
lar, the hand piece 15 includes the plunger 26 which
comprises a plunger handle 35 and a stiffening sheath
37 affixed to and supported by the handle 35. A guide
tube 39 projects from the forward end of the plunger
handle 35. The stiffening sheath 37 and guide tube 39
define a bore 40 through which the flexible delivery
catheter 12 is inserted. The stiffening sheath 37
projects distally from the plunger handle 35 and the
bore 40 is sized so that a very close fit is provided
around the catheter 12. The catheter is fixed to the stiff-
ening sheath 37 or guide tube 39, such as by epoxy or
welding, so that the catheter 12 moves with the plunger
handle 35.

The stiffening sheath 37 supports the catheter 12
as it projects into a housing 42 and an end housing 44.
The two housings are mated at joint 43 to define a cavity
47 with the plunger 35 situated at the open end. A guide
tube 45 projects from the distal end of the end housing
44 to provide additional guidance and support to the
delivery catheter 12 as it exits both the stiffening sheath
37 and the end housing 44.

A left stop 49 and a right stop 50 can be affixed to
the outer diameter of the stiffening sheath 37, in one
specific embodiment. In an alternative embodiment, the
plunger handle 35, stiffening sheath 37 and stops 49
and 50 can be integrally formed into a single piece. A
pin 52 is affixed to the housing 42 to project into the cav-
ity 47 between the stop 49 and stop 50. The pin 52 thus
limits the movement of the plunger 26 in the direction of
the arrows D. Thus, pin 52 helps to keep the hand piece
assembly 15 together as well as to limit the amount of
deflection of the viewing tip 13.

Slidably disposed between the housing 42 and the
stiffening sheath 37 is a deflection control sleeve 55.
The deflection wire 57 is affixed to the control sleeve 55
at a proximal attachment portion 58 of the wire. Prefer-
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ably, the attachment portion 58 of wire 57 is embedded
in the control sleeve 55, although other means of affix-
ing the proximal end of the wire to the sleeve is contem-
plated. The deflection wire 57 extends through the
remaining length of the catheter 12 and its distal end is
fastened to the catheter at the viewing tip 13 in a man-
ner to be discussed herein. A flange 59 is provided in
the end housing 44 to act as a stop surface for move-
ment of the control sleeve 55 in the direction D.

In the operation of the hand piece assembly 15,
deflection of the tip 13 is accomplished by way of the rel-
ative movement of the catheter 12 with respect to the
deflection wire 57. More specifically, as the plunger 26
is depressed into the cavity 47 of housing 42, the cath-
eter 12, which is fixed to the plunger, also moves and
extends further beyond end housing 44. As the catheter
12 moves, the deflection wire 57, which is affixed to the
tip 13 of the catheter, also moves until the control sleeve
55 contacts the flange 59. At this point, further move-
ment of the catheter 12 relative to the now restrained
deflection wire 57 creates tension in the deflection wire
which tries to pull the tip 13 back as the catheter 12 con-
tinues to advance. The tip 13 will continue to bend until
the left stop 49 contacts the pin 52 at which point the tip
as at its maximum deflected position 13". It is under-
stood that once the control sleeve 55 contacts the
flange 59, the deflection wire 57 will no longer translate.
Instead, the tension in the deflection wire 57 will cause
the wire to pull the tip 13 back toward the control sleeve
55.

The tip can be returned from its deflected position
13" to its undeflected position by pulling the plunger 35
back in the opposite direction, which gradually
decreases the tension in the deflection wire 55. The nat-
ural resilience of the catheter material, as well as the
resilience of the deflection wire, will then cause the
catheter to straighten. This same resilience may tend to
cause the catheter to straighten without pulling back on
plunger 35. Moreover, the plunger 35 may be biased to
the neutral undeflected tip position by way of a spring
situated, for example, between the right stop 50 and the
flange 59.

As previously explained, rotation of the tip 13 can
be achieved by rotating plunger 35 in the direction of
arrow R. The deflection wire 57 also rotates with the tip
so simultaneous deflection and rotation of the tip is per-
mitted. The control sleeve 55 will also rotate as it is
pulled by the deflection wire. The control sleeve 55 and
sheath 37 may include mating radial splines (not shown)
so rotation of the plunger is directly transmitted to the
control sleeve.

Referring next to FIG. 4, the engagement of the
deflection wire 57 to the tip 13 is shown in more detail.
Specifically, the tip 13 includes an outer end tube 80
which is affixed to the delivery catheter at joint 81. The
end tube 80 has an open end 83 to provide an opening
for viewing through the fiber-optic bundle 20. A stainless
steel ring 85 is engaged within the end tube 80, prefer-
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ably immediately adjacent the open end 83. The ring 85
can either be epoxied to the tube or the tube 80 can be
shrunk onto the ring to hold it firmly in position. The
deflection wire 57 is then fixed to the ring 85 at a fixation
point 87, preferably at the top of the ring, by welding or
other fixation. It can thus be seen that as the catheter 12
and tip 13 move in the direction of the arrows D, and
particularly to the right as shown in FIG. 4, the deflec-
tion wire 57 tries to maintain its same length and conse-
quently pulls the tip 13 back toward the hand piece
assembly 15 as the catheter 12 is pushed to the right.

The present invention contemplates a completely
disposable catheter arrangement for use with either a
reusable or no-reusable disposable fiber-optic bundle
20. The construction of the delivery catheter 12 is
shown in the cross-sectional view of FIG. 5. The cathe-
ter includes a body 62 which is preferably made of
standard grade medical plastic, such as polyurethane,
extruded into the appropriate configuration. The body in
one specific embodiment has an outer diameter of 2.0-
2.75 mm to facilitate movement in the tight quarters of
the epidural space and to keep the puncture site diame-
ter as small as possible. However, the present invention
contemplates a smaller catheter diameter, about 1.0
mm, with the catheter features (such as channel dimen-
sions) being correspondingly reduced in size. The
length of the catheter 12 from tip 13 to tubing junction 31
is about 840.0 mm (33 inches).

The body defines an irrigation channel 64 which is
preferably semi-circular in shape and occupies the
lower half of the circular body 62. Disposed within the
irrigation channel 64 is the fiber-optic bundle 20. The
diameter of the fiber-optic bundle is slightly smaller than
the lumen of the semi-circular irrigation channel 64
which in one specific embodiment is 0.89-1.35 mm (cor-
responding to a catheter outer diameter of 2.0-2.75
mm). Thus, the bundle can be loosely fed into the cath-
eter 12 through the irrigation channel 64 and remain in
this position. The space 65 around the fiber-optic bun-
dle 20 in the irrigation channel 64 can be used for flow-
ing irrigation fluid through the catheter to the viewing
site.

As can be seen in FIG. 5, the fiber-optic bundle 20
of one specific embodiment includes an image bundle
70 surrounded by a number of light fiber bundles 72.
The fiber-optic bundle 20 can be surrounded by a
sheath as required to avoid damage to the fiber-optic
components. Other fiber-optic bundle configurations are
contemplated, however, the diameter of the bundle pref-
erably has an outer diameter of 0.8-1.2 mm. The image
bundle 70 preferably has an outer diameter of between
0.35 and 0.5 mm and a resolution of 6,000-12,000 pix-
els.

The catheter body also includes a guide wire chan-
nel 66 through which the guide wire 57 extends. In one
specific embodiment, the guide wire channel 57 has a
diameter of 0.58-0.76 mm (corresponding to a catheter
outer diameter of 2.0-2.75 mm). A pair of stiffener chan-
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nels 68 are also provided in the catheter body 62. A pair
of stiffening rods (not shown) can be readily inserted
through the channel 68 to add rigidity to the delivery
catheter 12 The stiffener channels can terminate short
of the distal end of the catheter so that unnecessary
stiffness is not added at the deflecting tip. In lieu of sep-
arate stiffeners, the deflection wire 57 itself can include
a stiffening sheath around the wire.

Referring again to FIG. 4, it can be seen that the
catheter body 62 includes a cut-back 74 at the deflec-
tion wire channel half of the body. More particularly, a
truncated outer wall 76 surrounding the irrigation chan-
nel 64 is provided by longitudinally slicing the catheter
body 62 at a cut line 77 shown in FIG. 5. The catheter
body is cut back from the open end 83 of the outer end
tubing 80 to the cut-back portion 74 to leave the guide
wire 57 exposed. This cut-back portion, or more partic-
ularly the length of the truncated outer wall 76, corre-
sponds generally to the length of the tip that will be
deflected upon actuation of the hand piece assembly
15. The tip length is preferably between 1.0 -2.5cm. In
one specific embodiment, this tip length is 1 cm. As can
also be seen in FIG. 4, the viewing end 73 of the fiber-
optic bundle 20 is disposed just inside the open end 83
of the outer end tubing 80. The viewing end 73 is prefer-
ably shielded in this manner so that it does not contact
the body tissue as the catheter is introduced into the
spinal region.

Referring now to FIG. 6, the manner in which the
deflection wire 57 is disposed into the catheter 12 is
illustrated. As shown in this figure, the deflection wire
channel 66 includes a slot 90 through the outer wall of
the catheter body 62. The deflection wire 57 then
passes through that slot into the deflection wire channel
66. More specifically, the deflection wire 57 includes a
clearance bend 92 which allows the wire 57 to clear not
only the catheter body 62 but also the stiffening sheath
37 (FIG. 3). The attached portion 58 of the wire extends
front the clearance bend 92 and is affixed to the control
sleeve 55 as previously discussed. The slot 90 is long
enough to permit the catheter to translate relative to the
clearance bend 92 for the full deflection capability of the
viewing tip 15, without the deflection wire 57 contacting
the ends of the slot 90. The slot 90 can be narrow so
that rotation of the catheter 12 due to rotation of the
plunger 35 reacts to push the wire, and hence the con-
trol sleeve 55, in the direction of rotation.

Since the present invention contemplates a fiber-
optic bundle 20 separate and independent of the dis-
posable delivery catheter 12, an optical bundle adjust-
ment means 21 is provided. The bundle 20 is preferably
threaded through the adjustment means 21, tube 17,
junction 31 and into irrigation channel 64 of catheter 12
until it is at the viewing tip 13. The adjustment means 21
allows the operator to vary the position of the viewing
end 73 of the bundle 20 with respect to the open end 83
of the outer end tubing 80 at the tip 13. As the catheter
12 is conveyed into the spinal site, the bundle is prefer-
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ably pulled back from the tip while irrigation fluid is used
to keep the catheter clear of tissue. Once at the spinal
site, the bundle 20 and particularly viewing end 73
should be close to the open end 83 for optimum viewing.
During a visualization procedure, manipulation of the
fiber-optic bundle 20 may be required to keep the view-
ing end disposed within the outer end tubing 80, or to
provide a more optimum position for the viewing end for
a wider field of vision. In addition, it is often necessary
to rotate the fiber-optic bundle to thereby rotate the
image transmitted by the imaging bundle 70. These
functions are provided by the adjustment means 21.

The optic bundle adjustment means 21 includes a
locking base 94 and a conical locking nut 95. The lock-
ing nut 95 is threaded onto a threaded post 96. A bore
97 is defined by the base 94 and threaded post 96
through which fiber-optic bundle 20 extends. The
threaded post 96 is preferably resilient or is slotted so
that it can be compressed onto the outer surface of the
optic bundle 20 to grip the bundle. As the conical locking
nut 95 is threaded onto the post, it forces the walls of the
post to trap the fiber-optic bundle 20.

A rotator body 98 is also provided to which the lock-
ing base 94 is fixed, such as by a threaded connection
99. The rotator body 98 includes a swivel flange 100
and a bore 101 extending therethrough. Naturally, the
fiber-optic bundle 20 extends through this bore 101. The
swivel flange 100 is snapped into a length adjustment
body 103. More particularly, the length adjustment body
103 includes a corresponding swivel flange 105 traps
the flange 100 of rotator body 98 while permitting rela-
tive rotation between the two bodies. Preferably, the two
flanges 100 and 105 can be engaged by simply resil-
iently pressing the two bodies together. The length
adjustment body 103 further includes a bore 104 to
receive the fiber-optic bundle 20 therethrough and a
threaded adjustment post 106 extending from its distal
end. The threaded adjustment post 106 is adapted to
engage an adjustment bore 110 of a catheter engage-
ment body 108. Again, the engagement body 108
includes a bore 109 therethrough to receive the fiber-
optic bundle 20. A mounting insert 111 is provided
which fixes the tube 17 to the catheter engagement
body 108. As shown in FIG. 2, the tube 17 mates with
the tubing junction 31, which then mates with the deliv-
ery catheter 12. It should then thus be understood that
any movement of the tube 17 is directly translated to an
identically corresponding movement of delivery catheter
12. On the other hand, since the fiber-optic bundle 20
passes freely through certain components of the optic
bundle adjustment means 21, any movement of the
these components does not result in corresponding
movement of the optical bundle 20.

In the use of the adjustment means 21, the fiber-
optic bundle 20 is fastened to the locking base 94 by
way of the locking nut 95 and resilient threaded post 96,
as previously discussed. The relative position of the
optic bundle 20 to the delivery catheter 12 can be
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adjusted by twisting the length adjustment body 103 rel-
ative to the catheter engagement body 108. When the
adjustment post 106 is threaded more deeply into the
adjustment bore 110 of catheter engagement body 108,
the effective length of the catheter is shortened, while
the fiber-optic bundle maintains its given length. Thus,
the viewing end 73 of the bundle 20 moves closer to the
open end 83 of the viewing tip 13. On the other hand, as
the adjustment post 106 is threaded out of the bore 110,
the effective length of the catheter is increased. With
this motion, the viewing end 73 of the optical fiber bun-
dle 20 effectively recedes within the viewing tip 13.

Once the bundle length has been set as required for
the given procedure, the optical fiber bundle 20 can be
rotated by twisting the rotator body 98 relative to the
length adjustment body 103 and catheter engagement
body 108. As the rotator body 98 is turned, the swivel
flanges 100 and 105 cooperate so that no rotational
movement is transmitted into the other components of
the optical bundle adjustment means 21. The position
and orientation of the viewing end 73 of the optical fiber
bundle 20 can be verified radiographically by viewing
the radio-opaque markings 115 at the end of the fiber-
optic bundle 20. The ring 85 is formed of a radio-opaque
material, such as stainless steel, or includes a radio-
opague marking similar to marking 115. Thus, the rela-
tive position of the bundle viewing end 73 to the open
end 83 can be ascertained.

While the invention has been illustrated and
described in detail in the drawings and foregoing
description, the same is to be considered as illustrative
and not restrictive in character, it being understood that
only the preferred embodiment has been shown and
described and that all changes and modifications that
come within the spirit of the invention are desired to be
protected. For example, the catheter body 62 can
include separate channels for irrigation fluid and for
housing the fiber-optic bundle 20.

A modification to the deflection control mechanism
27 can eliminate the left stop body 49 and instead rely
upon the right stop body 50 contacting the control
sleeve 55 to limit the relative movement between the
catheter 12 and deflection wire 57. By moving the pin 52
and right stop body 50 closer to the control sleeve
movement of the catheter can be controlled with fewer
components.

Claims

1. A system (10) for direct visualization of the spinal
epidural or intra-discal space comprising:

a catheter (12) sized for percutaneous intro-
duction into the spinal space, said catheter (12)
having a proximal end and a distal end for
insertion into the spinal space and including a
first channel (64) extending along the entire
length of the catheter (12); light fibers (72) and
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means at the proximal end of said light fibers
(72) for connecting the light fibers to a light
source (23);
a fiber-optic bundle (20) including imaging fib-
ers (70), sized to be removably slidably
received within said first channel (64), said
bundle (20) having a proximal end and a distal
end;
means at the proximal end of said bundle (20)
for engaging said imaging fibers (70) to a cam-
era (23);
connection means at the proximal end of said
catheter (12) for connecting said fiber-optic
bundle (20) to the proximal end of said catheter
(12); and
irrigation means (65) for providing irrigation
fluid through said catheter (12) to the distal end
of said catheter (12);

characterised in that the fiber-optic bun-
dle (20) includes the light fibers (72);
the means for engaging said light fibers (72) to
a light source (23) are provided at the proximal
end of said bundle (20);
the connection means includes means for
adjustably positioning the distal end of said
fiber-optic bundle (20) relative to the distal end
of said catheter (12);
the catheter (12) is flexible and disposable;
the catheter (12) has a tip (13) adjacent its dis-
tal end;
the system further includes tip deflection
means separate from said fiber-optic bundle
(20) for controllably deflecting said tip (13) of
said catheter (12) when the distal end is in the
spinal space.

The system of claim 1, wherein said tip (13) has a
length dimension of less than about 2.5 cm meas-
ured from the distal end of said catheter 12.

The system of claim 1, wherein said catheter (12)
has an outer diameter of less than about 2.75 mm.

The system of claim 1, wherein said first channel
(64) is semi-circular.

The system of claim 1, further comprising radio-
opaque means (85), (115) at the distal ends of said
catheter (12) and said fiber-optic bundle (20) for
permitting radiographic verification of the relative
position of the distal end of said bundle (20) to the
distal end of said catheter (12).

The system of claim 1, wherein said irrigation
means (65) includes said first channel (64) in said
catheter (12) and means (31) for fluidly connecting
said first channel (64) to a source of irrigation fluid
(19), whereby irrigation fluid flows around said
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13.

fiber-optic bundle (20) when it is disposed within
said first channel (64).

The system of claim 6, wherein:

said first channel (64) is semi-circular having a
radius; and

said fiber-optic bundle 20 has an outer diame-
ter slightly less than the radius of said first
channel (64).

The system of claim 1, wherein said tip deflection
means includes:

a deflection wire (57) having a first end and a
second end and having a first portion (58) adja-
cent said first end disposed outside said cathe-
ter (12) and a second portion between said first
portion (58) and said second end extending
through said catheter (12);

means for securing said second end of said
deflection wire (57) to said catheter (12) at the
distal end thereof;

means for moving said catheter (12) in a first
direction from the proximal end toward the dis-
tal end of said catheter (12); and

means for restraining said first end of said
deflection wire (57) against movement in said
first direction as said catheter (12) is moved in
said first direction, whereby said deflection wire
(57) is placed in tension as it is pulled at its sec-
ond end by said catheter (12) to thereby cause
said tip (13) to deflect in the direction of said
means for securing.

The system of claim 8, wherein said catheter (12)
includes a second channel (66) and a slot (90)
opening into said second channel (66) through
which said second portion of said deflection wire
(57) extends.

The system of claim 8 wherein said means for mov-
ing includes means for limiting movement of said
catheter (12) in said first direction relative to said
means for restraining (55) to thereby control the
amount of deflection of said tip.

The system of claim 10, wherein said means for
limiting movement permits movement of said cathe-
ter (12) in said first direction relative to said means
for restraining which is sufficient to deflect said tip
(13) between 0° and about 90°.

The system of claim 8, wherein said means for
moving said catheter (12) includes means for rotat-
ing said catheter (12) with the tip (13) deflected.

The system of claim 8, wherein said means for
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restraining includes:

an elongated housing (42), (44) defining a cav-
ity (47) therein, said housing (42), (44) having
openings at its ends for slidably receiving said
catheter (12) therethrough;

a sleeve (55) within said cavity (47) and slida-
bly disposed about said catheter (12);

means for connecting said first end (58) of said
deflection wire (57) to said sleeve (55); and
said housing (42), (44) further defining a stop
surface (59) in said cavity (47) for restraining
movement of said sleeve (55) in said first direc-
tion.

The system of claim (13) wherein said means for
moving includes means for limiting movement of
said catheter (12) in said first direction relative to
said means for restraining to thereby control the
amount of deflection of said tip (13).

The system of claim 14, wherein said means for
limiting movement includes:

a first stop (49) connected to said catheter (12)
and slidably disposed within said cavity (47);
and

a pin (52) affixed to said housing (42), (44) and
projecting into said cavity (47) between said
first stop (49) and said sleeve (55),

whereby said first stop (49) contacts said pin
(52) when said catheter (12) is moved in said
first direction.

The system of claim 15, wherein initial contact
between said sleeve (55) and said stop surface (59)
defines a first position and initial contact between
said first stop (49) and said pin (52) defines a sec-
ond position so that displacement of said catheter
(12) between said first position and said second
position will result in tip (13) deflection of between
0° and about 90°.

The system of claim 15, wherein said means for
limiting movement further includes a second stop
(50) connected to said catheter (12) and slidably
disposed within said cavity (47) between said pin
(52) and said sleeve (55), whereby said second
stop (50) contacts said pin (52) when said catheter
(12) is moved in a second direction opposite said
first direction.

The system of claim 8, wherein said means for
securing includes:

a tube (80) affixed at the distal end of said cath-
eter (12) and having an end (83) opening
beyond the distal end of said catheter (12); and
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second means for securing said second end of
said deflection wire (57) to said tube (80) at
said end opening (83).

The system of claim 18, wherein second means for
securing includes a ring (85) engaged to the interior
of said tube (80) at said end opening (83) and
beyond the distal end of said catheter (12), said
deflection wire (57) being affixed to said ring (85).

The system of claim 18, wherein said catheter (12)
includes a second channel (66) and a slot (90)
opening into said second channel (66) through
which said second portion of said deflection wire
(57) extends.

The system of claim 20, wherein said second chan-
nel (66) terminates short of the distal end of the
catheter (12) and said catheter (12) has a reduced
outer dimension from the end of said second chan-
nel (66) to the distal end of said catheter (12) with
said deflection wire (57) extending from the end of
said second channel (66) adjacent the reduced
outer dimension within said tube (80).

The system of claim 1, wherein said connection
means includes:

clamp means (94) for clamping said fiber-optic
bundle (20); and

means for adjusting (21) the length distance
between the distal end of said catheter (12)
and said clamp means (94).

The system of claim 22, wherein said connection
means further includes rotation means for rotating
said fiber-optic bundle relative to said catheter.

The system of claim 22, wherein said means for
adjusting (21) includes:

a first housing (108) attached to the proximal
end of said catheter (12) and defining a bore
(109) for slidably receiving said fiber-optic bun-
dle (20) therethrough;

a second housing (103) connected to said
clamp means (94) and defining a bore (104) for
receiving said fiber-optic bundle (20) there-
through: and

a threaded post (106) on one of said first (108)
and second (103) housing and a mating
threaded bore (110) defined in the other of said
first (108) and second (103) housing, whereby
said threaded post (106) is adjustably threaded
into said threaded bore (110) to adjust the
length distance between the distal end of said
catheter (12) and said clamp means (94).
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25. The system of claim 24, wherein said connection

means further includes rotation means for rotating
said fiber-optic bundle (20) relative to said catheter
(12).

26. The system of claim 25, wherein said rotation

means includes:

a third housing (98) attached to said clamp
means (94) and defining a bore (101) for
receiving said fiber-optic bundle (20) there-
through; and

means (100), (105) for rotatable mounting said
third housing (98) on said second housing
(103) to permit relative rotation between the
housings (98), (103).

Patentanspriiche

System (10) zur direkten Sichtbarmachung des
Spinalepidural- bzw. des Intrabandscheibenraums,
das folgendes umfaBt:

einen Katheter (12), der zur perkutanen Ein-
fuhrung in den Spinalraum abgemessen ist,
wobei der Katheter (12) ein proximales Ende
und ein distales Ende zum Einsetzen in den
Spinalraum aufweist und einen ersten Kanal
(64) umfaBt, der sich entlang der gesamten
Lange des Katheters (12) erstreckt;
Lichtfasern (72) und am proximalen Ende der
Lichtfasern (72) Mittel, um die Lichtfasern mit
einer Lichtquelle (23) zu verbinden;
ein faseroptisches Bindel (20), das Abbil-
dungsfasern (70) umfaBt, die dazu abgemes-
sen sind, entfernbar verschiebbar in dem
ersten Kanal (64) aufgenommen zu werden,
wobei das Blndel (20) ein proximales Ende
und ein distales Ende aufweist;
am proximalen Ende des Biindels (20) ein Mit-
tel, um die Abbildungsfasern (70) in Eingriff mit
einer Kamera (23) zu bringen;
am proximalen Ende des Katheters (12) ein
Verbindungsmittel, um das faseroptische Bln-
del (20) mit dem proximalen Ende des Kathe-
ters (12) zu verbinden; und
ein Spulungsmittel (65), um Spulungsfluid
durch den Katheter (12) zum distalen Ende des
Katheters (12) bereitzustellen;

dadurch gekennzeichnet, daB das faser-
optische Bindel (20) die Lichitfasern (72)
umfaBt;
die Mittel dazu, die Lichtfasern (72) mit einer
Lichtquelle (23) in Eingriff zu bringen, am proxi-
malen Ende des Biindels (20) bereitgestellt
werden;
das Verbindungsmittel ein Mittel dazu umfaBt,
das distale Ende des faseroptischen Biindels
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(20) relativ zum distalen Ende des Katheters
(12) verstellbar zu positionieren;

der Katheter (12) flexibel und wegwerfbar ist;
der Katheter (12) angrenzend an sein distales
Ende eine Spitze (13) aufweist;

das System ferner ein Spitzenablenkungsmittel
umfaBt, das vom faseroptischen Biindel (20)
getrennt ist, um die Spitze (13) des Katheters
(12) steuerbar abzulenken, wenn sich das
distale Ende im Spinalraum befindet.

System nach Anspruch 1, bei dem die Spitze (13),
vom distalen Ende des Katheters (12) aus gemes-
sen, eine LAngenabmessung von weniger als etwa
2,5 cm aufweist.

System nach Anspruch 1, bei dem der Katheter
(12) einen auBeren Durchmesser von weniger als
etwa 2,75 mm aufweist.

System nach Anspruch 1, bei dem der erste Kanal
(64) halbkreisférmig ist.

System nach Anspruch 1, das ferner am distalen
Ende des Katheters (12) und des faseroptischen
Bindels (20) strahlenundurchlassige Mittel (85),
(115) umfaBt, um eine radiographische Verifizie-
rung der relativen Position des distalen Endes des
Biindels (20) zum distalen Ende des Katheters (12)
zu ermdglichen.

System nach Anspruch 1, bei dem das Spuilungs-
mittel (65) den ersten Kanal (64) in dem Katheter
(12) und ein Mittel (31) umfaBt, um den ersten
Kanal (64) fluidal mit einer Spulungsfluidquelle (19)
zu verbinden, wodurch Spulungsfluid um das faser-
optische Bundel (20) flieBt, wenn es im ersten
Kanal (64) angeordnet ist.

System nach Anspruch 6, bei dem:

der erste Kanal (64) halbkreisférmig mit einem
Radius ist; und

das faseroptische Blndel (20) einen duBeren
Durchmesser aufweist, der geringfugig kleiner
ist als der Radius des ersten Kanals (64).

System nach Anspruch 1, bei dem das Spitzenab-
lenkungsmittel folgendes umfaft:

einen Ablenkungsdraht (57), der ein erstes
Ende und ein zweites Ende aufweist und der
angrenzend an das erste Ende einen ersten
Abschnitt (58), der auBerhalb des Katheters
(12) angeordnet ist, und zwischen dem ersten
Abschnitt (58) und dem zweiten Ende einen
zweiten Abschnitt aufweist, der sich durch den
Katheter (12) erstreckt;
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ein Mittel, um das zweite Ende des Ablen-
kungsdrahts (57) am distalen Ende des Kathe-
ters (12) am Katheter (12) zu befestigen;

ein Mittel, um den Katheter (12) in einer ersten
Richtung vom proximalen Ende auf das distale
Ende des Katheters (12) zu zu bewegen; und
ein Mittel, um das erste Ende des Ablenkungs-
drahts (57) von einer Bewegung in der ersten
Richtung zuriickzuhalten, wahrend der Kathe-
ter (12) in der ersten Richtung bewegt wird,
wodurch der Ablenkungsdraht (57) in Span-
nung versetzt wird, wahrend er an seinem
zweiten Ende von dem Katheter (12) gezogen
wird, um dadurch die Spitze (13) dazu zu ver-
anlassen, in der Richtung des Befestigungsmit-
tels abgelenkt zu werden.

System nach Anspruch 8, bei dem der Katheter
(12) einen zweiten Kanal (66) und einen Schlitz
(90) umfaBt, der sich in den zweiten Kanal (66) &ff-
net, durch den sich der zweite Abschnitt des Ablen-
kungsdrahts (57) erstreckt.

System nach Anspruch 8, bei dem das Mittel zum
Bewegen ein Mittel dazu umfaBt, eine Bewegung
des Katheters (12) in der ersten Richtung relativ
zum Mittel zum Zurlckhalten (55) zu begrenzen,
um dadurch das Ausmaf der Ablenkung der Spitze
zu steuern.

System nach Anspruch 10, bei dem das Mittel zur
Bewegungsbegrenzung eine Bewegung des Kathe-
ters (12) in der ersten Richtung relativ zum Mittel
zum Zuriickhalten erméglicht, die hinreichend dafir
ist, die Spitze (13) um zwischen 0° und 90° abzu-
lenken.

System nach Anspruch 8, bei dem das Mittel zum
Bewegen des Katheters (12) ein Mittel zum Drehen
des Katheters (12) mit abgelenkter Spitze (13)
umfaBt.

System nach Anspruch 8, bei dem das Mittel zum
Zurickhalten folgendes umfaft:

ein langliches Gehause (42), (44), das einen
Hohlraum (47) darin definiert, wobei das
Gehause (42), (44) an seinen Enden Offnun-
gen dazu umfaBt, den Katheter (12) verschieb-
bar dadurch aufzunehmen; eine Hiilse (55)
innerhalb des Hohlraums (47), die
verschiebbar um den Katheter (12) herum
angeordnet ist;

ein Mittel zum Verbinden des ersten Endes
(58) des Ablenkungsdrahts (57) mit der Hilse
(55); und wobei

das Gehause (42), (44) ferner eine Anschlags-
oberflache (59) in dem Hohlraum (47) definiert,
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um eine Bewegung der Hlse (55) in der ersten
Richtung zu beschranken.

System nach Anspruch 13, bei dem das Mittel zum
Bewegen ein Mittel zum Begrenzen einer Bewe-
gung des Katheters (12) in der ersten Richtung
relativ zum Mittel zum Zurtickhalten umfaBt, um
dadurch das AusmaB der Ablenkung der Spitze
(13) zu steuern.

System nach Anspruch 14, bei dem das Mittel zur
Bewegungsbegrenzung folgendes umfat:

einen ersten Anschlag (49), der mit dem Kathe-
ter (12) verbunden ist und verschiebbar inner-
halb des Hohlraums (47) angeordnet ist; und
einen Siift (52), der an dem Gehause (42), (44)
befestigt ist und zwischen dem ersten
Anschlag (49) und der Hiilse (55) in den Hohl-
raum (47) vorsteht,

wodurch der erste Anschlag (49) mit dem Stift
(52) in Kontakt tritt, wenn der Katheter (12) in
der ersten Richtung bewegt wird.

System nach Anspruch 15, bei dem ein anfangli-
cher Kontakt der Hulse (55) mit der Anschlagsober-
flache (59) eine erste Position definiert und ein
anfanglicher Kontakt des ersten Anschlags (49) mit
dem Stift (52) eine zweite Position definiert, so daB
eine Verschiebung des Katheters (12) zwischen der
ersten Position und der zweiten Position zu einer
Ablenkung der Spitze (13) um zwischen 0° und
etwa 90° fuhrt.

System nach Anspruch 15, bei dem das Mittel zur
Bewegungsbegrenzung ferner einen zweiten
Anschlag (50) umfaBt, der mit dem Katheter (12)
verbunden ist und verschiebbar zwischen dem Stift
(52) und der Hulse (55) innerhalb des Hohlraums
(47) angeordnet ist, wodurch der zweite Anschlag
(50) mit dem Stift (52) in Kontakt tritt, wenn der
Katheter (12) in einer zweiten Richtung bewegt
wird, die der ersten Richtung entgegengesetzt ist.

System nach Anspruch 8, bei dem das Mittel zum
Befestigen folgendes umfaBt:

eine Réhre (80), die am distalen Ende des
Katheters (12) befestigt ist und jenseits des
distalen Endes des Katheters (12) eine Endéfi-
nung (83) aufweist; und

ein zweites Mittel, um das zweite Ende des
Ablenkungsdrahts (57) an der Endéffnung (83)
an der Réhre (80) zu befestigen.

System nach Anspruch 18, bei dem das zweite Mit-
tel zum Befestigen einen Ring (85) umfaBt, der an
der Endéfinung (83) und jenseits des distalen
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Endes des Katheters (12) mit dem Inneren der
Réhre (80) in Eingriff steht, wobei der Ablenkungs-
draht (57) an dem Ring (85) befestigt ist.

System nach Anspruch 18, bei dem der Katheter
(12) einen zweiten Kanal (66) und einen Schlitz
(90) umfaBt, der sich in den zweiten Kanal (66) &ff-
net, durch den sich der zweite Abschnitt des Ablen-
kungsdrahts (57) erstreckt.

System nach Anspruch 20, bei dem der zweite
Kanal (66) kurz vor dem distalen Ende des Kathe-
ters (12) endet und der Katheter (12) vom Ende des
zweiten Kanals (66) bis zum distalen Ende des
Katheters (12) eine reduzierte AuBenabmessung
aufweist, wobei sich der Ablenkungsdraht (57)
angrenzend an die reduzierte AuBenabmessung
vom Ende des zweiten Kanals (66) aus in der
Réhre (80) erstreckt.

System nach Anspruch 1, bei dem das Verbin-
dungsmittel folgendes umfaft:

ein Klemmenmittel (94) zum Klemmen des
faseroptischen Biindels (20); und

ein Mittel zum Einstellen (21) des Langsab-
stands zwischen dem distalen Ende des
Katheters (12) und dem Klemmenmittel (94).

System nach Anspruch 22, bei dem das Verbin-
dungsmittel ferner ein Drehmittel zum Drehen des
faseroptischen Bilindels relativ zum Katheter
umfaBt.

System nach Anspruch 22, bei dem das Mittel zum
Einstellen (21) folgendes umfaBt:

ein erstes Gehause (108), das am proximalen
Ende des Katheters (12) befestigt ist und eine
Bohrung (109) dazu definiert, verschiebbar das
faseroptische Bundel (20) dadurch aufzuneh-
men;

ein zweites Gehause (103), das mit dem Klem-
menmittel (94) verbunden ist und eine Bohrung
(104) dazu definiert, das faseroptische Bilindel
(20) dadurch aufzunehmen; und

auf einem des ersten (108) und des zweiten
(103) Gehauses einen Gewindestiel (106) und
eine dazu passende Gewindebohrung (110),
die in der anderen des ersten (108) und des
zweiten (103) Gehauses definiert ist, wodurch
der Gewindestiel (106) verstellbar in die
Gewindebohrung (110) gewindet wird, um den
Langsabstand zwischen dem distalen Ende
des Katheters (12) und dem Klemmenmittel
(94) einzustellen.

System nach Anspruch 24, bei dem das Verbin-
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dungsmittel ferner ein Drehmittel zum Drehen des
faseroptischen Bundels (20) relativ zum Katheter
(12) umfaBt.

26. System nach Anspruch 25, bei dem das Drehmittel

folgendes umfaBt:

ein drittes Geh&use (98), das an dem Klem-
menmittel (94) angebracht ist und eine Boh-
rung (101) dazu definiert, das faseroptische
Buindel (20) dadurch aufzunehmen; und

Mittel (100), (105) dazu, das dritte Geh&use
(98) drehbar an dem zweiten Gehause (103)
anzubringen, um eine relative Drehung zwi-
schen den Gehausen (98), (103) zu ermogli-
chen.

Revendications

Systéme (10) pour une visualisation directe de
I'espace péridural vertébral ou intra-discal compre-
nant :

un cathéter (12) dimensionné pour une intro-
duction percutanée dans l'espace vertébral,
ledit cathéter (12) comportant une extrémité
proximale et une extrémité distale pour son
insertion dans I'espace vertébral et incluant un
premier canal (64) s'étendant sur la totalité de
la longueur du cathéter (12);
des fibres d'éclairage (72) et un moyen au
niveau de I'extrémité proximale desdites fibres
d'éclairage (72) pour connecter les fibres
d'éclairage a une source d'éclairage (23);
un faisceau de fibres optiques (20) incluant des
libres de formation d'image (70), dimensionné
de maniére a pouvoir &tre regu de fagon coulis-
sante et amovible a lintérieur dudit premier
canal (64), ledit faisceau (20) comportant une
extrémité proximale et une extrémité distale ;
un moyen au niveau de l'extrémité proximale
dudit faisceau (20) pour relier lesdites fibres de
formation d'image (70) & une caméra (23) ;
un moyen de connexion au niveau de I'extré-
mité proximale dudit cathéter (12) pour con-
necter ledit faisceau de libres optiques (20) a
I'extrémité proximale dudit cathéter (12) ; et
un moyen d'irrigation (65) pour appliquer un
fluide d'irrigation au travers dudit cathéter (12)
jusqu'a I'extrémité distale dudit cathéter (12),
caractérisé en ce que le faisceau de
libres optiques (20) inclut les libres d'éclairage
(72) ;
le moyen pour relier lesdites libres d'éclairage
(72) a une source d'éclairage (23) est prévu au
niveau de I'extrémité proximale dudit faisceau
(20) ;
le moyen de connexion inclut un moyen pour
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positionner de fagon réglable I'extrémité distale
dudit faisceau de libres optiques (20) par rap-
port a I'extrémité distale dudit cathéter (12) ;

le cathéter (12) est flexible et jetable ;

le cathéter (12) comporte une pointe (13) adja-
cente a son extrémité distale ;

le systéme inclut en outre un moyen de dévia-
tion de pointe séparé dudit faisceau de fibres
optiques (20) pour dévier de fagon contrdlable
ladite pointe (13) dudit cathéter (12) lorsque
I'extrémité distale est dans I'espace vertébral.

Systéme selon la revendication 1, dans lequel
ladite pointe (13) présente une dimension de lon-
gueur inférieure a environ 2,5 cm telle que mesurée
depuis I'extrémité distale dudit cathéter (12).

Systéme selon la revendication 1, dans lequel ledit
cathéter (12) présente un diamétre externe infé-
rieur & environ 2,75 mm.

Systéme selon la revendication 1, dans lequel ledit
premier canal (64) est semi-circulaire.

Systéme selon la revendication 1, comprenant en
outre un moyen radio opaque (85), (115) au niveau
des exirémités distales dudit cathéter (12) et dudit
faisceau de fibres optiques (20) pour permettre une
vérification radiographique de la position relative de
I'extrémité distale dudit faisceau (20) par rapport a
I'extrémité distale dudit cathéter (12).

Systéme selon la revendication 1, dans lequel ledit
moyen d'irrigation (65) inclut ledit premier canal
(64) dans ledit cathéter (12) et un moyen (31) pour
connecter par fluide ledit premier canal (64) a une
source de fluide d'irrigation (19) de telle sorte qu'un
fluide dirrigation circule autour dudit faisceau de
fibres optiques (20) lorsqu'il est disposé a l'intérieur
dudit premier canal (64).

Systéme selon la revendication 6, dans lequel :

ledit premier canal (64) est semi-circulaire et
présente un certain rayon ; et

ledit faisceau de fibres optiques (20) présente
un diamétre externe légérement inférieur au
rayon dudit premier canal (64).

Systéme selon la revendication 1, dans lequel ledit
moyen de déviation de pointe inclut :

un fil de déviation (57) comportant une pre-
miére extrémité et une seconde extrémité et
comportant une premiére partie (58) adjacente
a ladite premiére extrémité disposée a I'exté-
rieur dudit cathéter (12) et une seconde partie
entre ladite premiére partie (58) et ladite
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seconde extrémité s'étendant au travers dudit
cathéter (12) ;

un moyen pour fixer ladite seconde extrémité
dudit fil de déviation (57) sur ledit cathéter (12)
au niveau de son extrémité distale ;

un moyen pour déplacer ledit cathéter (12)
dans un premier sens depuis I'extrémité proxi-
male en direction de I'extrémité distale dudit
cathéter (12) ; et

un moyen pour restraindre le déplacement de
ladite premiére extrémité dudit fil de déviation
(57) dans ledit premier sens lorsque ledit
cathéter (12) est déplacé dans ledit premier
sens de telle sorte que ledit fil de déviation (57)
soit mis en tension lorsqu'il est tiré au niveau
de sa seconde extrémité par ledit cathéter (12)
pour ainsi forcer ladite pointe (13) a se dévier
suivant la direction dudit moyen de fixation

Systéme selon la revendication 8, dans lequel ledit
cathéter (12) inclut un second canal (66) et une
fente (90) débouchant dans ledit second canal (66)
au travers de laquelle ladite seconde partie dudit fil
de déviation (57) s'étend.

Systéme selon la revendication 8, dans lequel ledit
moyen de déplacement inclut un moyen pour limiter
le déplacement dudit cathéter (12) dans ledit pre-
mier sens par rapport audit moyen de restriction
(55) pour ainsi contrdler la valeur de déviation de
ladite pointe.

Systéme selon la revendication 10, dans lequel
ledit moyen de limitation de déplacement permet un
déplacement dudit cathéter (12) dans ledit premier
sens par rapport audit moyen de restriction, lequel
déplacement suffit pour dévier ladite pointe (13)
entre 0° et environ 90°.

Systéme selon la revendication 8, dans lequel ledit
moyen de déplacement dudit cathéter (12) inclut un
moyen pour faire tourner ledit cathéter (12) tandis
que la pointe (13) est déviée.

Systéme selon la revendication 8, dans lequel ledit
moyen de restriction inclut :

un boitier allongé (42), (44) définissant une
cavité (47) en son sein, ledit boitier (42), (44)
comportant des ouvertures au niveau de ses
extrémités pour recevoir de fagon coulissante
ledit cathéter (12) au travers ;

une gaine (55) dans ladite cavité (47) et dispo-
sée de fagon coulissante autour dudit cathéter
(12);

un moyen pour connecter ladite premiére
extrémité (58) dudit fil de déviation (57) a ladite
gaine (55) ; et
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ledit boitier (42), (44) définissant en outre une
surface de butée (59) dans ladite cavité (47)
pour restraindre le déplacement de ladite gaine
(55) dans ledit premier sens.

Systéme selon la revendication 13, dans lequel
ledit moyen de déplacement inclut un moyen de
limitation de déplacement dudit cathéter (12) dans
ledit premier sens par rapport audit moyen de res-
triction afin d'ainsi contréler la valeur de déviation
de ladite pointe (13).

Systéme selon la revendication 14, dans lequel
ledit moyen de limitation de déplacement inclut :

une premiére butée (49) connectée audit
cathéter (12) et disposée de fagon coulissante
dos ladite cavité (47) ; et

une broche (52) fixée audit boitier (42), (44) et
faisant saillie dans ladite cavité (47) entre ladite
premiére butée (49) et ladite gaine (55),

de telle sorte que ladite premiére butée (49)
entre en contact avec ladite broche (52) lors-
que ledit cathéter (12) est déplacé dans ledit
premier sens.

Systéme selon la revendication 15, dans lequel un
contact initial entre ladite gaine (55) et ladite sur-
face de butée (59) définit une premiére position et
un contact initial entre ladite premiére butée (49) et
ladite broche (52) définit une seconde position de
telle sorte qu'un déplacement dudit cathéter (12)
entre ladite premiére position et ladite seconde
position aboutisse a une déviation de la pointe (13)
entre environ 0° et environ 90°.

Systéme selon la revendication 15, dans lequel
ledit moyen de limitation de déplacement inclut en
outre une seconde butée (50) connectée audit
cathéter (12) et disposée de fagon coulissante dans
ladite cavité (47) entre ladite broche (52) et ladite
gaine (55) de telle sorte que ladite seconde butée
(50) entre en contact avec ladite broche (52) lors-
que ledit cathéter (12) est déplacé dans un second
sens opposé audit premier sens.

Systéme selon la revendication 8, dans lequel ledit
moyen de fixation inclut :

un tube (80) fixé au niveau de I'extrémité dis-
tale dudit cathéter (12) et comportant une
extrémité (83) débouchant au-dela de I'exiré-
mité distale dudit cathéter (12) ; et

un second moyen pour fixer ladite seconde
extrémité dudit fil de déviation (57) audit tube
(80) au niveau de ladite extrémité débouchante
(83).
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Systéme selon la revendication 18, dans lequel
ledit second moyen de fixation inclut une bague
(85) engagée a l'intérieur dudit tube (80) au niveau
de ladite extrémité débouchante (83) et au-dela de
I'extrémité distale dudit cathéter (12), ledit fil de
déviation (57) étant fixé sur ladite bague (85).

Systéme selon la revendication 18, dans lequel
ledit cathéter (12) inclut un second canal (66) et
une fente (90) débouchant dans ledit second canal
(66) au travers de laquelle ladite seconde partie
dudit fil de déviation (57) s'étend.

Systéme selon la revendication 20, dans lequel
ledit second canal (66) se termine a une faible dis-
tance de I'extrémité distale du cathéter (12) et ledit
cathéter (12) présente une dimension externe
réduite depuis I'extrémité dudit second canal (66)
jusgqu'a I'extrémité distale dudit cathéter (12), ledit fil
de déviation (57) s'étendant depuis I'extrémité dudit
second canal (66) en une position adjacente a la
dimension externe réduite a lintérieur dudit tube
(80).

Systéme selon la revendication 1, dans lequel ledit
moyen de connexion inclut :

un moyen de blocage (94) pour bloquer ledit
faisceau de fibres optiques (20) ; et
un moyen pour régler (21) la distance de lon-
gueur entre l'extrémité distale dudit cathéter
(12) et ledit moyen de blocage (94).

Systéme selon la revendication 22, dans lequel
ledit moyen de connexion inclut en outre un moyen
de rotation pour faire tourner ledit faisceau de fibres
optiques par rapport audit cathéter.

Systéme selon la revendication 22, dans lequel
ledit moyen de réglage (21) inclut :

un premier boitier (108) attaché a I'extrémité
proximale dudit cathéter (12) et définissant un
alésage (109) pour recevoir de fagon coulis-
sante ledit faisceau de fibres optiques (20) au
travers ;

un second boitier (103) connecté audit moyen
de blocage (94) et définissant un alésage (104)
pour recevoir ledit faisceau de fibres optiques
(20) au travers ; et

une tige filetée (106) sur I'un desdits premier
(108) et second (103) boitiers et un alésage
taraudé conjugué (110) défini dans l'autre des-
dits premier (108) et second (103) boitiers de
telle sorte que ladite tige filetée (106) soit vis-
sée de fagon réglable dans ledit alésage
taraudé (110) afin de régler la distance de lon-
gueur entre l'extrémité distale dudit cathéter



27 EP 0 644 736 B1

(12) et ledit moyen de blocage (94).

25. Systéme selon la revendication 24, dans lequel
ledit moyen de connexion inclut en outre un moyen
de rotation pour faire tourner ledit faisceau de fibres
optiques (20) par rapport audit cathéter (12).

26. Systéme selon la revendication 25, dans lequel
ledit moyen de rotation inclut :

un troisiéme boitier (98) attaché audit moyen
de blocage (94) et définissant un alésage (101)
pour recevoir ledit faisceau de libres optiques
(20) au travers ; et

un moyen (100), (105) pour monter de fagon
tournante ledit troisiéme boitier (98) sur ledit
second boitier (103) pour permettre une rota-
tion relative entre les boitiers (98), (103).
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